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ABSTRACT
ESA’s comet-chaser Rosetta is monitoring the plasma environment of comet 67P/CG since Summer 2014. Measurements from the Langmuir probes of the Rosetta
Plasma Consortium have shown that the spacecraft often reaches negative potentials of around and in excess of
-10 V, which affect in situ measurement of the plasma environment surrounding the spacecraft. To investigate the
influence of spacecraft-plasma interaction on measurements of a cometary plasma, a series of SPIS simulations
were carried out to investigate the spacecraft-plasma interaction and profile of the immediate plasma environment around Rosetta in the comet coma. We show the resulting electrostatic potential profile, as well as electron
and ion densities in the vicinity of the Rosetta spacecraft,
especially around the Mutual Impedance Probe and the
Langmuir probes, with a spacecraft potential often reaching negative potentials of down to -20 V at different distances to the Sun and the comet. To help our understanding of in situ measurements of the plasma environment,
we characterise the plasma inhomogeneities for the different operational modes on the Mutual Impedance Probe
and in vicinity of the Langmuir probes.
Key words: Spacecraft-plasma interaction – Rosetta –
comet– ESA – spacecraft potential – plasma density –
Langmuir Probe – RPC-LAP – RPC-MIP.

1.

through at least four orders of magnitude of density. We
observe very large changes on short timescales of the
Rosetta spacecraft potential (VSC ) during the mission
due to plasma variations [7, 4, 8], which will affect all
plasma instruments on-board as electrons and ions are attracted or repelled towards the spacecraft.
Previous simulations [3, 9] show that a proper interpretation of the plasma measurements on Rosetta need to take
effects of the spacecraft potential into account. The extent of which we attempt to quantify and study in this
report with further, more detailed simulations focused on
a comet-like environment using Spacecraft-Plasma Interaction System (SPIS) [5].
We report here (1) on simulations of Rosetta spacecraft
potential in a range of comet-like plasma environments,
consistent with in situ measurements from Rosetta and
(2) on the influence of such spacecraft potential on the
plasma density surrounding Rosetta, were we find very
inhomogeneous structures in need of further investigation.

2.

INSTRUMENTS AND THEORY

Rosetta carries two instruments for characterizing the
bulk plasma, the Langmuir Probe instrument LAP [2] and
the Mutual Impedance Probe MIP [10]. More information on these can be found in the accompanying paper [4].

INTRODUCTION

The comet-chaser Rosetta is monitoring the plasma environment of comet 67P/Churyumov-Gerasimenko (67P)
since Summer 2014. Among the efforts dedicated to understanding the composition and evolution of the comet
is the Rosetta Plasma Consortium (RPC), including the
Rosetta dual Langmuir probe instrument (LAP) and the
Mutual Impedance Probe experiment (MIP) as well as
other instruments[1]. During the approach to perihelion and back, the 67P plasma environment has evolved

VSC is defined as the potential between the S/C and a
plasma at infinity where the total current to the spacecraft is zero. A simple model for the current balance
of a negatively charged spacecraft can be set up as follows. For supersonic ion flow, the ion current to a sphere
is given by Ii = −qAi neu(1 − eVSC /Ei ), where n is
the plasma density, u is the flow speed, Ei = 21 mi u2 is
the energy of ions of mass mi , q is the charge, and Ai is
the circular cross section [6]. The photoemission current
is constant at its saturation value If = −Af jf 0 , where

Af is the cross-sectional area exposed to the sun. Neglecting secondary emission, the final component entering the current balance is the current due to plasma electrons, Ie = Ae je0 exp(eVSC /kB T√e ), where the thermal
electron current density je0 ∝ n Te . Balancing these
currents gives a transcendental equation for VSC ,


eVSC
Ai neu 1 −
+ Af jf 0 = Ae je0 e
Ei

eVSC
kB Te



(1)

which can easily be solved numerically for VSC . For the
highly non-spherical Rosetta spacecraft, it is not obvious
how Ai should be chosen, and when comparing to simulation results below we treat it as a free parameter, and
rename numerical solutions for VSC as Vref for clarity.

3.

SIMULATIONS

To investigate the expected spacecraft potential of
Rosetta, SPIS simulations have been carried out for a
range of cometary plasma parameters listed in Table
1. The simulation scenario was a quasi-neutral plasma
with cometary ions of 19 amu of charge +e, kB Tion =
0.1 eV , u = 1 km/s from the +X+Z (nadir) direction
and the sun in the +X direction. Photoelectrons and secondary electrons from electron impact are also simulated
with kB Tf = kB TSEE = 2 eV , respectively. All populations are simulated using Particle In Cell (PIC) motion except the input (primary) plasma electrons which
are simulated using a Maxwell-Boltzmann fluid model
approximation if and only if there are no attracting potentials in the volume.

4.

RESULTS

In this section, we analyse the SPIS simulations of
Rosetta’s charging and discuss how it may affect the in
situ measurements of MIP and LAP experiments.

4.1.

VSC behaviour in comet-like plasma

Grouping 12 simulations with identical plasma populations with varying distance to the sun, Figure 1 shows
that the VSC is driven to more negative potentials with
increasing sun distance as the contribution of the photoelectron decreases with the solar flux. Comparing the
four groups of simulations, we clearly see that increasing
the electron temperature or the plasma density increases
the electron current to the S/C and also drives the S/C
more negative. This is generally in good agreement with
Equation 1, as seen in Table 1, although the numerical solution is outside the limits of validity for positive spacecraft, and does not account for secondary electrons.

Table 1. Table of the simulation environment parameters,
VSC results from SPIS simulations and numerical results
from Equation 1 denoted Vref
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

4.2.

d
[AU ]
1.24
1.24
1.24
1.24
1.24
1.24
1.24
1.24
1.24
2
2
2
2
3
3
3
3

Te
[eV ]
1
1
1
1
5
5
5
5
10
1
5
5
10
1
5
5
10

n
[cm−3 ]
4000
1000
250
100
4000
1000
250
100
100
100
250
100
100
100
250
100
100

λd
[m]
0.1
0.2
0.5
0.7
0.3
0.5
1.1
1.7
2.3
0.7
1.1
1.7
2.3
0.7
1.1
1.7
2.3

VSC
[V ]
-2.3
-1.1
-0.4
1.9
-14.7
-8.0
-1.7
1.5
-1.1
-1.3
-7.4
-0.5
-6.4
-1.6
-11.0
-2.9
-11.5

Vref
[V ]
-2.0
-1.0
0.3
1.2
-9.2
-7.1
-2.3
1.9
1.2
0.3
-5.9
-2.5
-7.4
-0.5
-7.9
-5.6
-12.2

MIP LDL mode

MIP operates two different modes, namely the LDL
and SDL, characterized by the use of different
transmitters[10]. Indeed, the MIP spectra is flat, as
expected in vacuum, if the emitter-receiver distance is
shorter than the Debye length. In SDL, the MIP transmitters, located at 40 and 60 cm from the receivers, are
used; while in LDL the LAP2 probe, located at 4 m from
the receivers, is used as a transmitter, to operate in plasma
characterized by a Debye length too large to be detected
in SDL.
We hereafter focus on the LDL mode. As a signal is propagated from LAP2 to MIP receivers, a crude approach
to investigate the effect of VSC on MIP measurements is
to visualise the density along the line of sight between
the transmitter and receiver. The propagation of the MIP
signal is beyond the scope of SPIS simulations, and not
well understood for such an inhomogeneous plasma encountered around the Rosetta spacecraft. Therefore, considering a direct path from the emitter to the receiver is
an approximation to be considered as a first step toward
the understanding of the effect of spacecraft charging on
MIP-LDL measurements.
The density structure around Rosetta resulting from
spacecraft charging is shown in Figure 2(from simulation
in Table 1), with substantial electron density depletion
around a -14.7 V spacecraft. Along the line of sight den-

a density increase in the immediate proximity of LAP1
to about 1000 cm−3 , a quarter of the input density, at
the probe position. This decreases radially as the electrostatic potential profile decreases from +15.3 V to 0 within
10 cm and is completely enveloped by the potential field
of the spacecraft within 20 cm. A bias potential sweep to
+ 30 V will therefore possibly not enable LAP to sample
a volume with an unperturbed electron density when the
spacecraft is highly charged.

5.

Figure 1. VSC vs distance to the Sun plotted for four different plasma configurations of different electron temperature and plasma density, for a total of 12 simulations.
Spacecraft potential decreases with increasing distance
to sun, increasing plasma density and increasing electron temperature as the electron current becomes more
dominant.
sity profile between LAP2 and MIP (not modelled), the
density increases by a factor of 3 in 1̃0 cm, and then stays
moderately stable at 1000 cm−3 , a factor of 4 from the
cometary electron density input into the simulation.

4.3.

MIP SDL mode

In a separate simulation of only the spacecraft boom and
the MIP instrument at floating potential, we see the detailed density profile close to MIP in a typical comet environment with the same parameters as simulation 7 in
Table 1. Shown in the right plot of Figure 3, we see the
electron depletion effect of a -5.5 V spacecraft boom on
the electron density profile around the MIP transceivers,
on scales much smaller than the local Debye length, with
a maximum line of sight negative charge) density in between the transceivers. Also a general trend of increasing
of density closet to the end of the boom can be seen to the
left in the plot. At both spacecraft and instrument scales,
the simulations confirm the existence of local electron
density inhomogeneities that may need to be taken into
account in the MIP data analysis.

4.4.

CONCLUSIONS

In this parametric study, we study the influence of the
comet evolution on the spacecraft-plasma induced environment, as we escort the comet to and from perihelion,
for a number of cases relevant for both observed comet
activity and distance to the comet[4]. The result can be
used both to predict effects on MIP and LAP measurements, as well as be exported for further instrument specific studies e.g. dust and particle trajectories, and simulations of the propagation of the MIP signal.
We observe an expected spacecraft potential evolution as
a function of solar UV flux, i.e. S/C photoemission current, electron temperature and plasma density in agreement with analytic results, as well as predict density depletion around the spacecraft, which may affect LAP and
MIP measurements. For further investigation of instrument performances, the authors strongly suggest simulating a Langmuir Probe sweep within the simulation, and a
more quantitative approach to the effect of local plasma
inhomogeneities on the MIP measurements.
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LAP

Visible both in the 3D density contour plots in Figure 2
and in the line profile density along the instrument field of
view, we see clearly how the spacecraft potential deflects
electrons when negative, resulting in a reduced plasma
density in the immediate proximity of the probe. In the
bottom plot of Figure 2, at a later stage in the same
simulation, where LAP1 and LAP2 have a bias potential of +30 V and 0 V, respectively from VSC , we see

REFERENCES
[1] Carr, C., Cupido, E., Lee, C. G. Y., et al. 2007,
Space Sci. Rev.
[2] Eriksson, A. I., Boström, R., Gill, R., et al. 2007,
Space Sci. Rev., 128, 729
[3] Eriksson, A. I., Hånberg, C., & Sjögren, A. 2010

Figure 2. Top: Plasma electron density iso-surfaces (increasing density from blue to red), showing how a -14.6 V negatively charged spacecraft model deflects electrons away from the spacecraft. Also pictured line of sight density map from
LAP1 to LAP 2, which is the baseline for LDL measurements. Below: Equipotential shells (yellow to black) around a
spacecraft model with a +15.4 V charged LAP1 probe. Also pictured: line of sight density map (increasing density from
blue to red) for LDL and SDL (parallel to LAP1 boom).

Figure 3. Equipotential shells (blue to red) and density profile (brown to green) around MIP, a simulation of a LAP1
boom and 4 MIP probes in plasma parameters similar to Simulation 7 in Table 1. The whole structure is electronically
connected, conducting and converged to a potential of -5.38 V. Left: Electronic charge density distribution (cm−3 ) cut
along X-Y plane at Z = 0 from green to brown and plasma potential equipotential shells from red to blue. The white line is
the line of sight plotted to the right. Right: Line of sight charge density (negative) (cm−3 ) profile from the MIP transmitter
furthest from the spacecraft at 0 to the fourth MIP probe closest to Rosetta at 1 m.

[4] Eriksson et al., A. 2016, in Proceedings of the 14th
Spacecraft Charging Technology Conference (European Space Agency), this issue
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